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Baolkd HOPLOL GTNV 00TEOAVOCOAOYyia

= KUplo poAo otnv dtapopdpwon tTnE ovtoTNTOC TNG 0CTEOVOCOAOYLOG ELXE N
avakaAvyn tov cuotripatoc RANK/RANKL/ooteonpoteyepivn (OPG)

" INMAVTLKO pOAo £xouv oL mpoPpAeypHovwOELC KuTTOPOKiveC omwe o TNFa, n
WWtePAUKivn-1, n wvtepAgukivn-6, n tvtepAeukivn-17 kat n wvtepAgukivn-23

" Baolko KUTTOPO OswpnOnKe apXLkd 0 00TEOKAAOTNC, AAAA 0T0 hACHA TNG

OOTEOAVOOOAOYLOC CUMUUETEXEL TO OUVOAO TWV OOTIKWV KUTTAPWYV KOl TWV

KUTTAPWYV TOU 0lVOOOAOYLKOU GUOTHHOTOC



Ooteoavoocoloyio: AAAnAetibpacn Tou
0LVOOOAOYLKOU KOt OKEAETIKOU CUOTHHOTOC

TNF-a, IL-1, IL-3, IL-4, IL-8, IL-
10, IL-12, IL-13, IL-15, IL-17,
IL-18, IL-20, IL-23, IL-27, IL-29,
IL-32, IL-34, IL-35, IFN-y
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Adrita Guha, ImmunoTargets and Therapy 2026:15 604392

Osteocyte

RANKL,

TNF-a. IL-1. IL-8 sclerostin, IL-1B,

IL-15,IL-17, IL-
20,IL-34

—
A
IL-3, IL-4, 3}
IL-12, IL-13, b
IL-18, IL-23, ot
L-27 IL-29. Osteoclast Haalthy biore
IL-35, IFN-y
IL-3, IL-32, Calcification and i
IL-35, IFN-y osteogenesis g
- > >
B Bone damage
& Oo )
IL-10, IL-15, °
IL-17, IL-27 @ o
Osteoblast Apoptosis Healthy bone



MoAAoi napayovtec dieyeipouv thv Ekppaon tov RANK Ligand
OLTtO TOUC 00TEOPBAACTEC
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CFU-M = colony forming unit macrophage

Boyle WJ, et al. Nature. 2003;423:337-342.
Hofbauer LC, Schoppet MI. JAMA. 2@0/4‘;292:490-495.
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OPG-RANK-L: AurtoAo puOLONC TNC OOTIKAC AVOKOATOGKEUNC

RANK-L OPG

Auénpévn ooteoKAQOTIKA anoppodnon EAaTTWHEVN 00TEOKAQOTIKN aoppodnon
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H dtaoc0vdeon RANKL/RANK sivat éva amo ta SEUTEPEUOVTO CUVOLEYEPTIKA
nopla otnv GuciLkn avooia
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Yniapxouv kat dAAotL uTtodoxeic TOU EAEYXOUV TOUC 0OTEOKAACTEG: TO GUVOLEYEPTLKO
povonatt ITAM eivat anapaitnto yla tnv Aettoupyia Twv 0GTEOKAQACTWY
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To povonatt ITAM kaBopileL tov mtoAAanAaclaopo, entBiwon kot dtadopomnoinon Twv SPACTIKWY KUTTAPWV TOU AVOGOAOYLKOU CUCTHLOTOG KOl TLOLPEXEL

ol

CUVSLEYEPTLKO UVULLO OTOUG OOTEOKAAOTEG. ZTOUG NMPO-00TEOKAAOTEG Kal 00TEOKAAOTEG oL puoikoi avoooimodoxeic TREM2 kot OSCAR cuoxeti{ovtal
HLE TI§ MpwTEivec-tpooappoyeic tou ITAM DAP12 kat tov Fc umodoxéa tng y-aAucou avtiototya. Ot DAP12 kot TREM2 amattouvtalt yio thv
Sladopomnoinon Twv 00TEOKAACTWY G TOAUTTUPNVOUG OOTEOKAAOTEG LE SUVATOTNTA OCTIKAG armoppeodnaong in vitro péow tng pwodopuliwaong tng Syk
Tupooivng kwvaong. O unodoxéag OSCAR otnv Kuttapiki enipaveia pecolaBei otnv petadopd tou onpatog pécw tou FcRy. H emaywyn tou

EVOOKUTTAPLOU OOPBECTIOU HECW QLUTOU TOU HLOVOTIATLOU £lval anapaitntn os cuvdéeon He TNV aAAnAenidpacn RANKL-RANK péow tou NFATc1



sOSCAR mPG
RANGL-RANK-OPG axis

and ITAM, the
costimulatory pathway

Crotti TN, J Immunol Res. 2015;2015:281287




H onupaoia tov OSCAR otnv PA

OSCAR BOetika KUTTOPO OE UMEVLKO LOTO (KOKKLVa). (a) OSCAR Xxpwon ota emevdupatikd kuttapa totol OA. (b)
MovonUpnva OSCAR Oetika kuttapa (BEAog). MeyévBuon 400x. H ékppacn tou OSCAR oxetiletal e TNV evepyotnta
™G vooou otnv PA

Crotti TN, J Immunol Res. 2015;2015:281287
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KouBko poAo otnv ooteoavoooloyia £xeL n aAAnAsenidpoon T KUTTAPWV
KOlL OOTEOKAQOTWV

|L1 IL-6 ocC

_—
Rheumatoid arthritis RANKL, TNF-¢, activation
Osteoporosns IFNy, TGF-B

||_1 IL-6, IL-17 T
TNF -o, RANKL, DKK1, SOST==-0ORB inhibition
TCTA protein %

T cells Pediatric diseases

' /* TNF-a === PKU disease

f RANKL == 21-OHD

/ Osteoclasts \

Bone metastasis Periprosthetic osteolysis
T IL-6, IL-8, IL-11, IL-7 RANKL, TGF-B
PTHrP, RANKL, TNF-c IL-6, IL-8, IL-10

D'Amico L, Bonekey Rep. 2012;1:82



Mowo T kUTTOPO; CD4+ T cells, CD8+ T cells,
unconventional T cells and ILCs

Th17 , Th9 on bone remodeling
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o §6° Ouw o ILC3 00TEOKAOLOTOYEVEDON KUpLA HECW TNG IL-17,
ILC2 Osteoclasts = RANK, 39— 03‘°°°);%;{_ n onoia npokaAet Ekppaon RANKL omwg
Sone resorption T Bone formation 5 INKT ko o1 pAeypoviddeic kuttapokiveg dmuwc
Gt > ANK’L IL-6, IL-1'Kal TNF. Ta Treg pu(?pizouv
? OLPVNTLKA TNV OCTEOKAQLOTOYEVEDN LLE
LBE TtOAAOUC TPOTOUG, AAAA EAV HETATPATIOUV
TSLP o GM-CSF '\ / TNF o€ exFoxp3Th17 kUttapa EMAVOTOKTOUV
\ IL-13 IL-12 T IL-18 / IFN-y / 0O0TEOKAOGTOYEVETIKH Suvatdtnta.
A IL-5 \ '/ P \\ Awdpopeg KUTTAPOKIVEG TTOU ITapAyovTal
Th2 o Th1 CD8 T oo ta ILC:s, INKT Ka'l gdT kuttapa s?(SL
avadepOei va puOuilouv Tov 0GTIKO
HETABOALCLO

(iNKT) invariant natural killer T cells

Kazuo Okamoto, Hiroshi Takayanagi, Bone 2023;168
(MAIT) mucosa-associated invariant T cells



Awopopomoinon Twv vrotunwv Twv T AspdokutTapwv

IL-6+TGFp TGFp

IL-23

TH17 Treg

Takayanagi H. et al., Nature. 2000 30;408:600-5.
Sato K. et al., J Exp Med. 2006;203:2673-82.

Schett G, 2011



T AepdpoKUTTAPO KOLL OOTEOKAAGTEG
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Meploplopoc tng pAeypovinc: O poAog twv Tregs

Periphery Tissue , ,
" Ta puBpiotika T KUTTOPO TTOU
Dendritic cell @ : Py
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KaTaoTEAAOUV TNV dpactnpLotTnTa TWV
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KUTTAPWV TOU avOGOAOYLKOU
‘ OUGTAOTOG
Q 5 = AvaotéAAouv eniong tnv Asttoupyia
B cell IL10, TGFB, IL35 .
TWV 0OCTEOKAQOTWVY, EVW EVLOXUOUV TNV
@ ' v 00TEOBAACTIKN CELPA OO TO EMiNedO
NK cell @ TOU MOAUSUVOHOU HEGEYXUHOTIKOU
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Monocyte / Macrophage KU't't('lpOU

" Tissue cells
Lei H, Front Pharmacol. 2015;6:184



Ta Tregs kataotEAAouv TNV PAeypOV HECW KUTTAPLKAG ETtadG

Schett G, ACR 2012



To abatacept epmobilel tnv diadopomnoincn Twv 00TEOKAAGTWY in Vivo Kot
in vitro oe acBeveic pe PA

Schett G, ACR 2012




APOPIKH KATAZTPO®H 2THN PA



Mavvoc Kot 0OTIKEC SLaBpwoelc otn
PA

= O ntavvocg eivail dSinOntikoc pAsypovwdnc Lotoc o
onoio¢ anoteAel mpooeKBoAn tou pAsypaivovtoc

UMEVQ

= AwnOsi Tov apBpLko Xovoépo Kat eLoBaAAeL oTO
UTtOXOVOPLO 00TOUV, SNULOUPYWVTAC TLC OOTLKEC

StafBpwoelc otn PA




OL ootikeC StaPpwoelc otnv PA emiteAoUvtal HECW TWV
OOTEOKAQOTWV

Mwkpodwrtoypadia 00TIKAG
SiaBpwonc. Xpwon yia 6€vn
bwodatdon oec apOpwon

daktuAov og aoOevn HE

pevpatosldn apOpitida deixvel

00TEOKAAOTEG va arnodopouv

opBOpLKO X6vdpo.

Schett G, Arthritis Research & Therapy 2007, 9(Suppl 1):52



O pOAo¢ Twv ooteoKAaotwv otnv PA

() () (me) oIT]

IL-10 | | IFN=y | | IL-4 | | IL-17
Monocyte precursor cell i ' L TNF-aK

O Osteoclastogenesis T

RANKL
A

AAANAenidpaon petagl avoooAoyLKoU CUCTAOTOC KOl OCTEOKAOLGTWY OTNV OOTEOKAQOTOYEVEGDT. OL 0OTEOKAAOTEG
npoEpxovtal oo npodpopika povokuttapa. RANKL anod B kOttapa kot IL-17 ano Thl7 kuttapa emdyouv
ooteokAaotoyéveon. IL-10 ano Treg, IFN-y ano Thl, kat IL-4 and Th2 avactéAAouv TNV 06TEOKAQGTOYEVEDN.

TGFB

Osteoclast 4@

Won-Ju Jeong, ] Rheum Dis 2016;23:141-147
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. FEES. RANKL kot ootk BAGBn otn PA

R Tl i s

= Buoyieg ootou o acBeveig pe PA ko xpwon ya
RANKL

= O poAo¢ tov RANKL otnv €€ALEN TNC 0OTIKAG
BAaBNn¢ daiveral ano to yeyovog ott
olVLXVEVETAL KUPLWEG OTO METWTIO TTAVVOU- 00TOU

KOl OTLG OOTLKEG SLOBPWOELC

Pettit AR, Rheumatology 2006;45:1068-1076



O 00TE0KAAOTNC OTN PEVHOTIKN PAEYUOVN EVEPYOTIOLELTOL KOl XWPELE TOV
RANKL

A Signal 1: RANKL/RANK Signal 2: Calcium signaling B TNFo IL-6

() RANKL OSCAR O _ O

/TREM-2 IL-1

OSCAR
JTREM-2

RANK
FCRy

/DAP12

Calmum signaling

NF-KkB/c-Fos Auto amplification
\\y of NFATCT
% NFATCT —> OC differentiation

[

Physiologic condition Inflammatory condition

Calcium signaling

NF-kB/c-Fos O
\\, Tcl

r--) NFA
SN

O pAcypovwdelg kuttapokiveg onwe ot TNFa, IL-1B, ko IL-6 propoUv va avtikataotjoouv thv Asttoupyia tng RANKL/RANK
onNUATtodOTNoNG KATA TNV SLAPKELO TNG EVEPYOTIOLNONG TWV 00TEOKAAoTWV. (A) Ta onpatodotikad povomndtia yia dtadopomnoinon tTwv
ooteoKAaotwv o€ pucloloyikéc ouvOnkeg. To povoratt RANKL/RANK gvepyornotei tov NF-kB ko to c-Fos péow TRAF6, pe anmotéAsopa
petaypoadr) tou NFATcl (B) O TNFa padi pe tnv IL-1B R IL-6 propouv va urtokatactrioouv to povordatt RANKL/RANK péow tng
gevepyonoinong tou NFkB, c-Fos kat NFATc1, ol ontoiot eivatl onpavtikoi petaypadikoi napdayovieg otnv dtadopomnoinon twv
0CTEOKAQCTWV

Jung YK, Immune Netw. 2019;19(1):e2



Increased Inflammatory

RANKL/OPG ratio cytokines Autoantibodies
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Semin Immunopathol. 2017;39(4):355-363



KitpouAAviwpevn Puuevrive
> ACPA PA: OETIKEC KOL OLPVNTLKEC
OpAoELC OTOV OGTEOKAAOTN
Mpuwpn OoTEoKAGOTN
lvopAdotng RANKL
0 TNFa
Makpodayo . CTLA-4
TNFa I Treg
@, >

IL-1, IL-6
B Aspdokitropo
,\@ RANKL .
|

™

Opyn OotsokAaoTn

Tpomonotnuévo amno
Jung YK, Immune Netw. 2019;19(1):e2.
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Plasma cells

OoTteOKAQOTOYEVEDH
o€ GUOCLOAOYLKEC
OUVONKEC KoL O€

TtalOOAOYLKEC

KOTOLOTALOELG

Jung SM, J Immunol Res. 2014;2014:263625
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Rauner M, Bozec A. Nat Rev Rheumatol. 2026;22(1):42-61 Bone

ApOpLKOC
UMEVOC OE
dAeypovn

MecoAafntég
gvodwong tng
dAeypovng kat
0O0TEOKAOLOTOYEVEONG
o€ LW Xpwua, TG
dAeypovng oe
Kitpwo,
HECOAAPNTEC
O0lVOOOTPOTIOTOiNoNG
o€ MITAE, Ko
EVOBWTEG
OlYVELOYEVEGDNC O€
noptokaAi. EPX,
eosinophil
peroxidase; Treg,
regulatory T.



ﬁ Synovial fibroblasts
Macrohages
@ Tcells
® B cells
Osteoclasts
@ Osteoclast precursurs
@= Osteoblasts

ApOpLKN KOl OOTLKNA
BAapBn otn PA

Schett G, Arthritis Research & Therapy 2007, 9(Suppl 1):52



Ta pokpodaya otnv pAsypovn tng PA

Immune
complexes
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Evepyomnotnpévol tvoBAdotec ekkpivouv RANKL kot M-CSF, pe emaywyn tng dtadopomnoinong twv ooTteoKAaoTWY, N
omoia evioxvVetal ano mapdAAnAn nopaywyn TNF kot GAAWV KUTTAPOKLVWV. AVOOCOCUUIAEYHOTO TTOU oxnpatifovron
OLTIO CLUTOOLVTLOWLOLTAL KOL AVTLYOVA EVEPYOTIOLOUV Ta pakpodaya. EmumAov, ta pakpodaya emnpealovral ano

Sdtakuttapiki enadn | ano KUTTAPOoKiveS tou napadyovtat ano Ta Kuttapa, WoBAAoTEG Kot KUTTapa ThS Eudutng
avoo iaq. Udalova IA, Nat Rev Rheumatol. 2016;12:472-85



MoAwon Twv pakpodaywv Kot OOTEOKAACTEC
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‘ IFN/ROS/IL-12/ R \

LPS/TNF M1 TNF—u, IL6, IL-1, IL-12, IL-18, osteoclast

* IL 23, ROS, NO, Chemokines

4

monocyte
IL-10, BMP-2, TGF-B1,
IL-4/IL-10/IL-13 Osteopontin, | /\

i | || | 1,25-dihydroxy-vitaminD3
\_/ osteoclast

1. Circulating macrophages change their phenotype according to the external envirofiment. In the presence of cytokines, such as interferon (IFN), reactive
oxygen species (ROS), interleukin-12 (IL-12), and tumor necrosis factor (TNF), macrophages polarize to M1 type. In response to interleukin-4 (IL-4),
interleukin-10 (IL-10), interleukin-13 (IL-13), and other cytokines, macrophages can be polarized to M2 type. 2. Macrophages can produce cytokines with
opposite effects in different polarization states. M1 macrophages can secrete cytokines, such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6),
interleukin-1 (IL-1), etc., which generally show the effect of activating osteoclasts and promoting bone resorption. M2 macrophages can secrete cytokines,
such as IL-10, bone morphogenetic protein-2 (BMP-2), transforming growth factor-b1(TGF-b1), etc., most of which can inhibit osteoclastic bone resorption

Sun Y, Front Immunol. 2021 Dec 1;12:778078
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Aevdptika kUTTapa otnv PA

Synovial tissue

> Ztnv apBpikd vpéva tng PA povokuttapa
membrane e€€pyovtan amno ta atpodopa ayyeia Kat
ELOEPXOVTOL OTOV ULEVLKO LOTO OTIOU
dtadpopomnolovvral oe pAsypovwdn DCs
(infDCs). Tnv dtadikaoia evodwvouv ta
danger-associated molecular patterns
(DAMPs) kat o granulocyte-macrophage
colony-stimulating factor (GM-CSF) nmou

Monocyte- J

derived DC 44 nopayetat anod CD4+ T kOttapa

: gﬁzgflgs?fggi;?sﬁo" Sditeyeppéva ano IL-12. Ta infDCs
HropoUv eniong va cuvelopEpouv otnV
e %_/ véveon T KuTTtapwv nov napayouvv GM-

/ CSF. AdoVU $pOaoouv otnv emidpdveLla Tou
00 ;&C %9% :5:;‘1333: CCL20 J vpéva ta infDCs evepyomnotovv ta T
e Synovial fluid helper type 17 (TH17) kUttapa.

©

©o 0%
IL-23 IL-17
- S T 17-cellresponses

T 17 cells g )

Coutant F, Miossec P, Nat Rev Rheumatol 2016 Dec;12:703-715



Ta SevopLTIKA KUTTAPO LETATPEMOVTOL OE OCTEOKAAOTEC OE
nepBailov pAeypovine
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Wang B, Genes Dis. 2020;8(4):401-411



Ta vpevokUttapa turtov wvoBAaotn(FLS)

Healthy Rheumatoid

Pannus
Capsule Inflammatory
Cells
Synovium ?
Synoviocytes
Cartilage

Angiogenesis

Synoviocytes

Bone

Ta upevokUTtapa tomou woPAdotn (FLS) eival peosyyupatika kuttopa, ENiong yvwotd oav TUnou B upevika kuttapa
N UHEVLIKOL LVOBAdoTEC. AMOTEAOUV TO 75% TEPIMOU TWV KUTTAPWYV TOU UYELOUG apBpLkol upéva. H kUpLa Aettoupyia
Twv FLS gival n £€KKpLon TWV CUCTATIKWY TOU apBpLkol uypoU, OIwWE TNG AOUMIPLKIVNG KOl TOU UAAOUPOVLKOU 0EE0G,
KOlOwE Kall TWV CUCTATIKWYV TNG OgpéALaG ovaiag OmwE tnG napivng, ThG GLUMPOVEKTIVNG, TWV ITPWTEOYAUKAVWV KoLl
KATIOLWV KOAAQyOVWV

Harre U, Schett G, Semin Immunopathol. 2017;39(4):355-363



FLS kat BAapn touv xovépou otnv PA

Epigenetic Changes

CPG
[
=

Z
=

Synovial
Fibroblast

Chrondo-

FLS, fibroblast-like synoviocytes

/

INFLAMMATORY TRIGGER

2thv ¢pAsypaivovoa apBpwon ta
UHEVoKUTTOapO TUTIOU WvoBAdotn udiotavral
ETUYEVETIKECG LETAPBOAEC TPOC PAEYHOVWEN

Inflammatory Cytokine
Production

dawotuno. Ta petaAAaypéva vpevokUTIOPA
Invadosome Formation , , , ,
And Protease Relase TUToU woBAaotn eivarl e€0XwG

<

@ METOVOLOTEUTIKA KOl artoSopouv tTnv Bepéha

1B, TNFa, MMP1, MMP3, MMP13 ouoia Tou apOpLkou Xovépou e Tov
PGE2, IL-6 Cathespin K, Cathespin L oxn uatloué Evsoowudtwv KOl TNV

@ aneAevOépwon npwteacwv. EnMutAoy,

cytes
% @ I

\ aneAevOepwvouv HeyaAn noootnta
dAeypovwdwyv kuttapokivwyv kat RANKL, ta
» omoia nepatépw evodwvouv tnv PpAsyuovi
~ _/l KOLL TNV OOTIKA Kataotpodn

|

Chondrocyte Activation
And Protease Production

MMP1, MMP3, MMP13
Cathespin K, Cathespin L

Harre U, Schett G, Semin Immunopathol. 2017;39(4):355-363



Immune cell-fibroblast-bone interplay in rheumatoid arthritis

Bone erosion Immune cells

1,17 cell, B cell, MerTK
macrophage, neutrophil

Pro-inflammatory
cytokines
Immune complexes

Pro-inflammatory
cytokines

Pro-inflammatory
cytokines

-i..‘
Pro-inflammatory™.,

Chemokines cytokines
RANKL, MMPs
Inflammatory SFT Wrtinhibit » QOsteoclast T
Destructive SFT Tt INAIbItoTs Osteoblast |

Pro-inflammatory cytokines

Synovial fibroblasts Bone

Komatsu N, Nat Rev Rheumatol. 2022 Jun 15



Ta vpevokUttapa tumou wvoBAactn(FLS) cov BeparmeuTtikog
otoxoc otn PA

Potential intracellular molecular

targets of RA-FLS. There are several
baricitinib(Approv.) glucose attractive intracellular molecules
pefici.ti.ni.b(Approvf) M808 SeliciclibCinTest tcha.t c.an be bIocke-d in RA-.FI..S: .
tofacitinib(Approv.) inhibitors of proteins participating
in epigenetic changes, in signal
transduction or in proliferation may
have beneficial effects in RA.

%\2'@ r @ (Ceox ) Approv., approved in the European
Union (EU); Approv.*, approved
S~ @

Toll-like receptor

outside of the EU; BET,
bromodomain and extraterminal

PF-06650833(CinTes!) ey IcD BrPA,

2-deoxyglucose protein; BrPA, 3-bromopyruvate;
ECD ClinTest, clinically tested; FLS,
Notch ] . )
fibroblast-like synoviocytes; ICD,
I-BET151 ) lular d .
LY411575 intracellular domain;

Németh T, et al. Ann Rheum Dis 2022;0:1-10



2tnv PA ta ACPA SleyeipouVv ToV 0GTEOKAAOTN

Borne marrow

Citrullinated Y
protein . ]r
?L%Q 4y ,/” I
Osteoclast -'-'> = = /f::
— - ACPA
precursor (\"\
ACPA bound
to RF \5“\
"
Precursor ACPA immune

fusion complexes
=
X
% n &
Mature FcR

osteoclast
Bone T~ 0
.-/"'"l.
O O 0 0 .
®o j o) /
IL-g © ~"
Bone loss

OL 00TEOKAQOTEG Kal oL TPAdpopoL
0O0TEOKAAOTEC €ival Tta pova KutTapa otnv
AapBOpwon mou efaptwvtol oo thv
dpaotnplotnta twv protein-arginine
deiminases (PADs) kat ekdppalouv
KITPOUAALVWHEVEC TPWTEIVEC OTNV KUTTOPLKN
Tou¢ enpaveLla Kotd tnv GUOLOAOYLKH TOUC
wpipavon. H napovoia twv
KITPOUAAWVWHEVWV TIPWTEIVWV GTNV
eMLPAVELO TOU OOTEOKAAOTH ETUTPEMEL OTA
OVTLKLTPOUAALVIKA avtiowpata (ACPAs) va
deopelovtal 6TOV 00TEOKAAOTN, VOl
dleyeipouv tnv aneAevBépwon IL-8 kat tnv
OLUTOKPLVLKN evioxuon tn¢ wpipavong Kot
dtadpoponoinong twv ooteokAaotwv. Eniong
Avooa CUMTAEyHaTa (Tol omtoia prmopet va
nepléxouv kat ACPAs) pmopoulv nepattépw va
gevioxUooOUV TnV Evepyonoinon tTwv
00TEOKAQOTWV HEOW TWV Fc UOSOXEWV OTOUG

OOTEOKAAOTEC
Catrina Al, Nat Rev Rheumatol 2017;13:79-86
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Adipokines and Associations With Incident Osteoporotic

Fracture in Patients With Rheumatoid Arthritis

Mean Adipokine Level (standard deviation score)

0.4

0.3

0.2

0.1

P=0.01

P=0.009

P=0.07

—%m e

T

l

_

P=0.006 |

No Osteoporosis Osteoporosis No Fracture
(N=2369) (N=158) (N=2446)
W Adiponectin (per 1 SD) Leptin (per 1 SD)

OP Fracture
(N=81)

FGF-21 (per 1 SD)

Adipokine levels by diagnosis of osteoporosis
(two codes in last year) or history of previous
osteoporotic fracture, at enrollment adjusted
for age, sex, race, BMI, DAS28, smoking, RDCI,
and prednisone use, and calendar date of
enroliment. Adjusted for age, sex, race, BMI,
DAS28, smoking status, RDCI, prednisone use,
and calendar date. BMI, body mass index;
DAS28, disease activity score in 28 joints; OP,
osteoporotic; RDCI, rheumatic disease
comorbidity index

Baker JF, Arthritis Care Res (Hoboken). 2026 Mar;78(3):316-324



Alotapayn TNC 0OTIKAC

/\ \ opolootaciac otnv
Differentiation ’
s Upevitda

Osteoclast @ \ TNF

precursQLge
IL-1

Osteoclast

Induction

Sclerostin

IL-6

Synovitis

Sclerostin

Mesenchymal
cell

H dAeypovn otov apOpLko UpEVA EMAYEL OCTEOKAQOTOYEVED HECW aUENUEVNG EkPpaone Tou RANKL kot péow mopaywyng
nPoPAsyovwdwv KUTOKIVWV Ttou KaBodnyouv tnv ooteokAaotoyéveon Kot cuvepyalovtal pe tov RANKL . EmunpdoOeta, n
ékdpaon tov Dkk-1 aroé toug tvofAdoteg Tou vpEva 0dnyel o€ avaoctoAn tng dtadopomnoinong Twv ooTteoBAACTWY KOl TOU
oxnuatiopol ootol. To Dkk-1 emdyel tnv ékdppacn evag aAAov avti-avoBoAkol popiov, ThG 6KARPOOTIVNG, OO TOL 0GTEOKUTTOPA.

Schett, G. & Gravallese, E. Nat. Rev. Rheumatol. 2012



Evepyomnoinon twv ooteokAaotwv otnv PA Kat duvatotntec mopepuBaonc

Hematopoietic Activated
stem cell M-CSF Osteoclast precursor osteoclast
IL-6, IL-17, Maturation
TNF, PGE, Activation
> —_—
== L'\-’A g
Anti-RANKL
antibody
IL-1,6,7,17
4 TNF
T PGE,
Mesenchyma Osteoblast/osteocyte/ |
stem cell | TNF DKK-1, fibroblast / T-cell ‘:«T::
| i
i 1)  Anti-TNF, IL-6
“J antibody
Current Opinion in Pharmacology

Induction of osteoclast maturation by inflammation. Prolongation of inflammation induces osteoclast differentiation and
suppression of osteoblast differentiation through the production of cytokines and prostaglandins, resulting in osteoporosis due to
imbalance in bone turnover. Disease-modifying antirheumatic drugs (including anti-TNF antibodies) and the anti-RANK ligand

antibody denosumab interfere with various steps in this pathway.

Tanaka Y, Curr Opin Pharmacol. 2018;40:110-119



Denosumab o€ aoBeveic pe PA — 00TIKEG SLOBPWOELC

MetapBoAn} otn BaBuoloyia Alafpwong He
Baon tnv MRI otoug 6 Mnveg

& 2,0
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3 o >
£3E5 10
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88 08
l‘;; 0o om
S g 0,6
—~ O
a £ 0,4
£2 02 0.13 0.06*
W (]
2 s B -
Ewk. pappako  Denosumab Denosumab
(n=67) 60 mg 180 mg
(n=67) (n=66)

Méon (95% Cl) MetaBoAn amnod tnv Evapén tng

MeAétng otnv Tpomnomnotnpévn BaOpoAoyia

AwaBpwong Sharp
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—4— Denosumab 60 mg (n = 69)

-fi= Denosumab 180 mg (n = 69)
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Cohen SB, Arthritis Rheum 2008;58:1299-1309



AvaotoAn pe Denosumab tn¢ nopaapOBpLKkNC 00TEOMOPWONE KOL TWV OCTIKWYV
SraBpwoewv o aocBeveig pe PA

={=Placebo <8~ Denosumab 60 mg —#—Denosumab 180 mg
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a
)

BMD xelpwv

N (=]

P S )
o
i M

:

MRI score
SlaBpwoelg

-]
PR W S 1

’
-
"

Mean Change in MRI Erosicn Score (%)
- »n

N
—_—

Mean Change in Hand Bone Mineral Density {%)

&
o

d
12

=
w
o o
©

Tima {(Months)
A
={O—Placebo —8—Denosumab 60 mg —#—Denosumab 180 mg

g 1.5
&
“
3
L |
2 Sharp score
5 SltaBpwoelg
E 05+
8
2
‘é p— Y
H —e .

[ T —— —

0 3 6 9 12
Time (Months) Deodhar A, Arthritis Care & Research 2010; 62: 569-574

C



O TNF evodwvel tnv ootk anoppodnon Kot EUnodileL TV 00TIKA
nopaywyn

—— TNF  — TNF
IL-1

Bone Resorption Bone Formation

Schett G, ACR 2012



Méon petaBoAr) otov akTVOAOYLKO SeiKTN

H avti-TNF aywyn mpoKaAel avaotoAn Twv ooTteEOKAaGTWY otnv PA
oveEAPTNTN OO TNV KAWLKN amavinon

7.20
A r A
1.25
‘ 0.12
MTX + Placebo MTX + INF

Awdotnua 54 eBdopadwv

A. Xwpic anavinon otn MTX
B. KAwviki anavtnon otn MTX
I Xwpig andvtnon otn MTX + INF

A. KAwikn andavtnon otn MTX +
INF

Smolen JS, Arthritis Rheum 2005;52:1020-1030
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Sods B, Nat Rev Rheumatol. 2022;18(5):249-257



AvooOmoLNTIKO cUOTNMO KoL 0CTEOBAAGTEC
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Qi Z, Front. Immunol. 2025;16:1698283



JAKi Does Not Affect Osteoclast Function

o T o
3 3
< 150
& 100 2
O O
§ g 100
g a
50 -
< <
(a'd o
- -
0 0 -
Control 30 170 300 Control 100 200 500
BARI (nM) TOF (nM)

Human osteoclastogenesis assays showing quantification of osteoclast numbers in untreated (control), BARI-, or TOF-treated conditions. SF

TRAP, tartrate-resistant acid phosphatase.
Adam S, et al. Sci Transl Med 2020;12(530):pii: eaay4447. Cytokine Signalling Forum



JAKi Increases Osteoblast Function

* Having observed no effect of JAKi on osteoclasts, it was suspected that JAKIi
may instead affect bone-forming osteoblasts

*  Mesenchymal stem cells were induced to undergojosteoblastogenesis

and synthesize extracellular calcium deposits
300 nM BARI 500 nM BARI

TOF or BARI significantly increase mineralization capability

Representative photographs and quantification of calcium nodules de-posited by MSC-derived osteoblasts and stained with Alizarin Red after ‘ SF‘
5 to 6 days of osteogenic induction. Scale bars, 5 mm (n = 6).

Adam S, et al. Sci Transl Med 2020;12(530):pii: eaay4447.



H OcteoavocoAoyia otnv AykuAomotntikn omovOulitida

- H dAeypovni dnovpyeil ooteonapaoywyn EKTOC ano 00TIKA anoppodnon

- Mnopéei n avti-TNF aywyn va npokaA€cel Snpiovpyia cuvéeopodputwy;
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ooTEOTAPAYWYN

axSPA AS
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Disease onset

Early axSpA
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HLA-B27/ERAP1
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Stress Loading

N\

Oocteoavocoloyia otnv AZ

AnoteAéopata tng PAEyHOVAS Kal TOU nxavikou ¢poptiov
oTa 00TA KoL TNV £€vOeon otig omovdulapBpitidec. Apeoo
arotéAeopa tnG PAEYHOVAG Elval N 00TIKN AMWAELL
(ooteomnevia/ooteonopwon Kot 0CTIKEG SLaPpwoel) Aoyw
aUENUEVNG 00TEOKAXOTIKAG dpaotnplotntac. H dpAsypovi
TLEPOLTEP W TIPOKAAEL OOTLKI) KA pUVON KoLl
ooteomapAywyn Apeca Kat Eppeca. To otpeg doOpTIONG
ennpealeL tnv naboduololoyia tng EvOeonc, n onoia
EVLOXVEL TO AnMoTEAeoHA TNG PAEYHOVIG GTOV LOTO TWV

EVOECEWV KoL CUVOECUWV LE TTPOKANON OCTEOTIAPAYWYAG.

Clunie G, Ther Adv Musculoskelet Dis. 2020;12:1759720X20969260



Ta Wnt onpotodotika povomartio
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= H evepyomnoinon twv Wnt onUotod0TIKWV HOVOTIATIWY 08NYEL OE
OO TEOTIOPOYWYN

" To kavovikd Wnt povomartt avaoTtEAAETOL HE TRV SPACTH TWV AVTAYWVLOTWV TWV
urtodoxewv tou Wnt, Dkk/SOST

=  EnmopMEVWE N avaoTtoAn R N dSuoAsttoupyia twv Dkk/SOST npwteivwv Ba

MIOPOUOE va 08nYyNOEL O€ avénUéEvn ooteonapaywyn otnv A

Lories RJ et al, Nat Rev Rheumatol 2013; 9:328-339



O DKK1 €xeiL StmAnR 6paon oto octouV

Osteoblasts Osteoclasts
\TNFa RANKL Osteoclast RANK
. activation :
e Lg 2T /@.
e No e
OPG / activation
é .Et 01;1 /
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. (-i-' osteplyt/c
1 ' activity
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Q B
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- O e

Bone

O TNF bieyeipeL tnv ékdppaon DKK1 n
omoia avaoTtéAAEL TRV ooteOBAAGTOYEVEDN
ot ta MISC kat XatnAwVveL ta enimeda tnG
OPG, 1E QMOTEAEGHA HELWHEVN TTAPAYWYN
ootoU. EmunpaocOeta o DKK1 avédvel ta
enineda tou RANKL, kot n avénpévog
Aoyoc RANKL:OPG evepyomnolei tnv
OOTEOKAQOTLKN dpaoctnpLlotnTa UE
anotéAeopa anoppodnon octov

Pinzone JJ, Blood 2009;113:517-525



Evidence That Dkk-1 Is Dysfunctional in
Ankylosing Spondylitis

Patients with AS 250-

200-

o ;ﬁ
100- —

3

Dkk-1 pg/mL

g

T T
before anti-INF  after anti-TNF before anti-TNF  after anti-TNF

Daoussis D et al, Arthritis Rheum 2010;62:150-158



- -
Mewwpévn Ekppoaon tou DKK1

DKK-1 Is Underexpressed in Mesenchymal Stem Cells from

Patients with Ankylosing Spondylitis and Further otnv A2
Downregulated by IL-17
Dimitrios Daoussis **(, Anastasia Kanellou >*{, Elias Panagiotopoulos ? and Dionysios Papachristou > Decreased DKK1 expreSSion and increased WNT
pathway activity in MSCs from AS patients. MSCs
Expansion Medium from the control group and the AS group were
4- 8- . . . . .
q § 00001 b § — cultured in vitro in expansion medium. (a,b)
g3 4 £ = Axin2, Dkk1, Runx2 and Osx expression levels
o Q f——
S 2 . = i were determined with the quantitative RT-PCR
S P 0.0001 2 . .
- ¥ *ow method. Each gene’s expression is presented as a
§ 0 e il :5; e T e o fold expression in AS cells relative to the control
Axin2 Dkt Runx2 Osx group expression normalized to unity. (c,d) ALP
AS patients relative to control group AS patients relative to control group activity in cultured Ce"S. (c) Macroscopic images
CONTROL AS =0.0002 . .
c - d 0.8; e of the culture dishes (top row) and representative
5 - —— microscope images (bottom row). (d) Scatter

plots depicting the quantification of ALP stain
density. Data are presented as mean SD. *** =p
02{ —p— < 0.001;

**x* = p <0.0001.

ALP stain density
o
o

W i1 i "~ CONTROL AS

Daoussis D, Int. J. Mol. Sci. 2022, 23, 6660



RESEARCH ARTICLE Open Access

Low sclerostin levels: a predictive marker of
persistent inflammation in ankylosing spondylitis
during anti-tumor necrosis factor therapy?

250
p=0038

F=0.001 (ANOVA)
200
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]
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*0 -m+ * Weede M

* omommfe cormes |

AS-Baselme AS-6months AS-12 months Contrels

Figure 2 Comparisons of sclerostin serum levels in ankylosing spondylitis (AS) patients at baseline, 6 months and 12 months after
anti-TNF therapy and in healthy controls.

Ta enineda tn¢ okAnpootivng eivatl xapunAa otnv AZ kot dev emavépyovtat oto GuUoLOAOYLKO HE TNV
avtl-TNF aywyn

Saad et al. Arthritis Research & Therapy 2012, 14:R216



H anti-TNF aywyn pmopei va mpokaAei tn dSnpiouvpyia emumAEov
ocuvdecpodputTwy;

Resolution of Inflammation Following Treatment of
Ankylosing Spondylitis Is Associated with New Bone
Formation

SUSANNE J. PEDERSEN, PRAVEENA CHIOWCHANWISAWAKIT, ROBERT G.W. LAMBERT,
MIKKEL @STERGAARD, and WALTER P. MAKSYMOWYCH

= N=23, mapakoAouOnon acBsvwv £wc 2 £tn pe apxtkl MRI OMZZ ko a/e¢ kot emavaAnyn o€ 2 €
= AtamiotwOnke otL ta cuvdeopoPputa e aAVICTNKOV GUXVOTEPA GE YWVIEG GTTOVOUALKWV CWHATWYV TTOU
UTTAPXE OLPXLKA OOTLKO oldnpa Kol ME TNV aywyn UOXWPNOE

Pedersen S, J Rheumatol 2011;38:1349-54



The ‘TNF brake’ hypothesis

a B - A b ‘Early lesion
~__‘Early’ inflammatory lesion

~ ‘Mature’ inflammatory Iesiqr.\‘___ﬂl

I. Bone growth factors e.g. BMF@J@

‘Mature’ lesion

Maksymowych, W. P. (2010) Disease modification in ankylosing spondylitis
Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2009.258

nature
REVIEWS Ll (T




TNF brake hypothesis

“TNF brake hypothesis”

a. Av kot o TNF Sieyeipel povomnatia mov o6nyolv o€ OXNHOTIONO VEOU 0GTOU, UIMOPEL HECW
tou dickkopf (DKK)-1 va tov KatatoTEAAEL O€ TEKUNPLWHEVO PAEYHOVWOELC BAABEC

b. Ymoxwpnon twv evepywv pAeypovwdwv ywviokwv BAaBwv (CIL) anod anti-TNF Oegpaneia
MIOPEL VO EMLTPEMEL TOV OXNHUOTLONO VEOU 00TOU, EVW N mapapovh Twv ¢Asypovwdwv CIL

MIopPEL va eUmodilel Tov oxnUATIGHO cuvdecpodUToU

Maksymowych WP et al. Arthritis Rheum. 2009; 60:93-102
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PUOuoN tng Ekppaonc Interleukin-23
O€ UYLEC TEPLBAAAOV Kal VOOO

H IL-23 €xeL KEVTPLKO POAO OTNV EVOPXNOTPWON TWV
dAeypovwdwv anavinoswv. MNoapayopevn ano ta
SevépLtika KUTTOPA Ko Ta pakpodaya, autni n
KUTTOPOKIVN EVOSWVEL TNV pootacia Tov eviotn
EvavtL Taboyovwv Twv BAEVVOYOVWVY HECW TNG
emaywyng tng IL-17 ko cuvadwv KUTTAPOKLVWV Ao ta
Aepdika kuTTapa. MPOoKAWVIKA HOVTEAQ VOOOU Kalt
OXETLKEG LEAETEG EXOUV ATIOSELEEL TNV CUMETOXN TOU
onpatodotikov povonatiov tng IL-23 otig
dAeypovwdelg maOnoelg. Mpdaypatt avtn n KUTTOPOKivn
Oswpeital onpepa Peilwv OEPAMEVUTIKOG OTOXOG OF
0lVOGOAOYLKA voohata onwe N Ywpeiaon, n AZ ko n
vooo¢ tou Crohn. EmunAéov oto pacpa tou Kapkivou
nov ouoxetiletal pe pAsypovn, n IL-23 Bewpeiton otL
OUMHETEXEL OTNV OYKOYEVEOH KOl 6TNV POG0S0 TNG
METAOTATIKAG VOOOU.

Welsby |, Goriely S. Adv Exp Med Biol. 2016;941:167-189



HIGHLIGHTS

ReviEw o WA: ootk anoppodnon Kot 0GTIKA
'_T'he role of- IL-23 receptor 51g-na11ng in N , ,
inflammation-mediated erosive autoimmune arthritis napavwvn usow tnq I L-23

and bone remodeling
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Synovial fibroblast
Osteoclast precursor = ol @ Osteoblast
ce

Osteoblast precursor
() rRANKL [;]RANK ’( DAP12 = e

H IL-23 §pa dpeca ota npodpopa 00TEOBAACTIKA
KUTTOPO LLE OTLOTEAECHA SLEYEPOT TOU OXNUATLOMOU
ooteofAaoctwv. H IL-23 unopei Eppeca va avaoteiAeL i va
Sleyeipel Tov oxnUaTIopd octeoPAaoctwy péow tng IL-17,

N tng IL-22 avtioctowya.

/

H IL-23 unopei va npokaAei ooteokAaotoyéveon pe dtadopoug
HNXoviopoUG: (i) avénon tng ékppaong RANK og mpodpopoug
ooteokAdotec; (ii) avénon tn¢ ékppaong RANKL os T-
BonOntwka kuttapa i wvoPAaoteg; (iii) evepyonoinon twv

DAP12 ITAMs.
Razawy W, Eur. J. Immunol. 2018. 48: 220-229



ApAoelg Tou povonatiov IL-23 - IL-17 ota ootd, otig ZMAC

b Local bone changes

Muscle
Enthesis o e M5Cs

’ I-17 IL-23 0“' '//—H}pertmphic

\ nm chondrocytes

" Son l " £ % Osteoblasts

) e 2/
\ New bone Enthesophyte
n ( formation growth

K Injury _— _—
.| Mechanoinflammation Tissue response Structural change

2 € TOTIKO £Ninedo, L8IKA oTIC eVOEDELC, N IL-23 kat/n n IL-17 urtokvouv pa pAsypovwédn
OLTLALVTNON OE TIEPLOOTLKEG TTEPLOXEG, N Oomoia 06nyeL o€ evanmoBecn 00ToU 6 LOVTEAO MOPWONG
KOTAYUOLTOG Kol oTtn dnuioupyia twv evhecoPputwv

MSC, mesenchymal stem cell

Gravallese EM, Schett G. Nat Rev Rheumatol. 2018;14(11):631-640
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00TEOPBAAOCTEC

Aevéputika kuttapa (DCs) kat povokuttapa nopayouy IL-
23, n onoia enayet tnv napaywyn IL-17 anoé ta T helper
17 (TH17) kai ta yé T kUttapa. H IL-17 avéavel thv
ékdppaon tov RANK o€ mpoSpoouG 00TEOKAAOTEG KOlL TOU
RANK ligand (RANKL) o€ mpOSpopa LECEYXUHOTLKA
kuttapa (MSCs). Ta TH17 kat ta yé T kUTtapa eniong
napayouv RANKL. Autég ol Stadkaoieg emayouv
ditadopomnoinon ooteokAaotwv. H dpeon dpaon tng IL-23
OE MPOSOOUC 0OTEOKAACTEC TTAPOLUEVEL
apdiopnrovpevn. H IL-17 dpa eniong ota MSCs,
SuvnTKkA emayovtag Tov TOAAQTTAQCLOO MO Kall
Stadopomnoinon toug o WPLHOUC 00TEOPAAOTEG.
Evtoutolg, n IL-17 npokaAei avaotoAr) tng Wnt
onpatodotnong kat dtadopomnoinong Twv ooteoPAACTWY.
Ta TH17 napayovuv eniong IL-22 o€ andvinon otnv IL-23,
n omoia £xeL poAo otn pAeypovi ko mbava ctov
TaOoAoyKO oxnUatiopo ootov otig ZMNAG.

Gravallese EM, Schett G. Nat Rev Rheumatol. 2018;14(11):631-640



L ® ApAon TwWV CTOXEVHEVWV BEpameLwv 6Tov
Mesenchymal stem cell d)AEvuOVd)Sn Gxn uatlolvlé OGtO(,

_ IL-17  Anti-IL-17
TNF —{Anti-TNF |

— Wnt Pathway ——— DKK1 =

F’re DStenblast ’\ \
Sc[erus_i_in IL-6 |__

TNF |__ OL WPLLOL 00TEOPBAACTEG OPAYOVTAL OO T APXEYOVA ECEYXUHATIKA

IL-6 I_— KUTTOPA KO TOUG TtPO0-00TEOPAAGTEG. To Wit onuatoS0TIKO povondrtt
ExeL {wTtko poAo otn dradoponoinon twv ooteoBAactwv. To Dickkopf 1

IL-17 I__ (DKK1) ko n okAnpootivn prAokdpouv thv efaptwpevn and to Wnt
Stadopomnoinon twv ooteoPAaoctwv. O TNF apeoa Sieyeipel to DKK1

Mature osteoblasts KoL £T0L AVOLOTEAAEL TO OXNUATIONO 06ToU. H IL-17 prAokdpet to DKK1

KOl £TOL EVEPYOTIOLEL TOV OXNHATIONO 00TOU péEow tov Wnt. O poAog tng
IL-6 oto DKK1eival apdpiheyopevog. To DKK1 Sieyeipel tnv mapaywyn
okAnpootivng, emopévwg, TNF, IL-17 ko IL-6 Spouv Eppeca otn

okAnpootivn. AvaotoAeic twv TNF, IL-6 ko IL-17 pnopetl va avéjocouv
Ta enineda tng okAnpoaotivng.

Soos B, Nat Rev Rheumatol. 2022;18(5):249-257



IL-23 producing cell
(mainly antigen
presenting cell)

Ustekinumab

Risankizumab
Tildrakizumab

Oepamnevutikn MapEpBacn otov aéova
IL-17/1L-23 otnv AEZNA

IL-23 Secukinumab
Netakimab

Guselkumab M Ixekizumab

IL-23 receptor

Iguratimod e——] ‘- 

IL-23-activated
Th 17 cell

The IL-17/1L-23 Axis in Axial
Spondyloarthritis

Ceribelli A, Front Immunol. 2021;12:622770



Xpovikn €€€ALEN Twv ooTikKwV BAaBwv otnv A2

Local inflammation: early stage (BME)

« NSAIDs _] Time flow of the pathologic changes in
. 2”:!1"1”; J 7 > l spondyloarthritis. The first phase, mainly inflammatory
« ANt ;
; &istainedlocal Thflaramation: and pro-osteoclast, is associated with lytic changes (i.e.,
11 bone turnover vertebral corners and peripheral joint erosions).
——  Osteoporosis . . . . . . .
1. 111 Osteclasts Systemic inflammation is also associated with systemic
2. = Osteoblasts ) )
bone loss (osteoporosis). Involved cytokines and IL17
l dysregulation may trigger and foster local
T Permanent change in bone microenvironment dysregulation, especially at
” SIEINOW. marrow microenvironement th I'sit hich tuallv lead to th
of opportunity» (i.e Wnt dysregulation) entheseal sites, which may eventually lead to the
l development of syndesmophytes/ enthesophytes.
While the anti-inflammatory effects of several currently
Later stage available treatments are well documented, a direct
(i.e.CIL B, Fatty Lesion) effect of anti-IL17 treatment on bone pathologic
> % Oeteoblasts proliferation, while |ntr|.gumg, has still to be clinically
demonstrated (dashed line).
o AN ILT72 Rl e o e e > l
Ankylosis

Fassio A, Osteoimmunology of Spondyloarthritis. Int. J. Mol. Sci. 2023, 24, 14924



Clin Rheumatol
DOI 10.1007/s10067013-2263-x

BRIEF REPORT

Absence of radiographic progression of hip arthritis
during infliximab treatment for ankylosing spondylitis

M. Konsta - P. P. Stikakis - V. K. Bournia « D. Karras -
A. lliopoulos

Baseline End of follow-up
Age (years) 445+12 (22-68) 51.6+13 (27-77)
Disease duration 1611 (2.7-40) 22+12.5 (7-47)
Years of infliximab 0 6+2.5 (2-10)

treatment

BASDAI 6.3+1.25 (3.5-8.4) 1.67+1.3 (0.2-4.2)
BASFI 6.9+1.9 (3.3-10) 3.3+1.8 (1.2-8)
BASRI hip score 2.5+0.86 (1-4) 2.5+0.86 (1-4)

Average of mean 3.56+0.7 (2.4-5.33) 3.59+0.79 (2.25-5.33)
joint space width
in both hips (mm)

Konsta M, Clin Rheumatol 2013;32:1229-32



Journal Pre-proof
H avaotoAn tou TNF otnv AZ HELWVEL TNV

OOTLKN tapaywyn otnv 22, epooov mMPoKaAel
. Hetwon Tng ueong CRP o€ Slaotnua avw Twy
Wil 6 eTwvV

Long-term effect of TNF Inhibitors on Radiographic Progression in
Ankylosing Spondylitis is associated with time-averaged CRP Levels

Figure 45 Modified Stoke Ankylosing A

Spondylitis Spine Score (mSASSS)."s ' A 0
total of 24 sites are scored on the lateral

cervical and lumbar spine (A): the anterior

comers of the vertebrae from lower

border of C2 to upper border Th1

(including) and from lower border of Th12 1 Erosions
to upper border of S1 (including). Each

comner can be scored from 0 to 3,

Normal

resulting in a range from 0 to 72 for the 1  Sclerosis
total mSASSS. B: example of scoring
according to the mSASSS. 0 = normal; 1 Squaring

1 = sclerosis, squaring or erosion;
2 = syndesmophyte; 3 = bony bridge. .
2 Obvious

2 Syndesmophytes

3 Total bony
3 Bridges

Konsta M, Joint Bone Spine. 2020 Dec 2:105111




Ooteoavoooloyia otnv MoOoyEVELA TNG OGTEOTIOPWOCNC

Osteoblasts Osteoclasts

Inhibitory

BMPs IL-1
FGFs IL-6
Insulin IL-17
PTH M-CSF
TGEF-$ RANKL
Wnt TNF-a
DKK1 IFN-y
IL-1 IL-3
IL-6 [L-4
SOST IL-10
TNF-a IL-12
OIP-1
OPG

MeooAapntég otnv ooteondpwon. Me TOVIGHEVA YPARLOTA
TLOLPAYOVTEG IOV ennpeddovtal e TNV PAsypovi TnG yRpeavong

Pietschmann P, Gerontology 2015



Ooteoavocoloyia oTnV MABoYEVELD TNC YEPOVTILKNG OCGTEOTTOPWONG

Macrophage
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Osteoporosis

— > Differentiation or development

ROS = Reactive oxygen species

Pietschmann P, Gerontology 2015

H ynpavon £xeL cuvdeBel pe xpovia xapnAov Badbpol pAsypovni tnv ‘inflamm-aging’ka £€xeL ouvdeOel pe TNV maboyEvela tnG
ooteonopwong. O poAog twv B kKuttapwv cav pudbuiotwv tov afova RANK/RANKL/OPG axis. EUTA£0oV TO 0EELSWTLKO stress Kat n

Statapaxn tou petafoAilopou tng YAUKOING evioxUouv tTnv PAsypovwdn ¢pAaon tTnG YEPOVTILKIG 0CTEOTIOPWONG



Ta AGEs ocav kUpLo¢ dtapecoAaBntic Tne
BAaBnc tou ooTtikoU peTaBoAlopou oto ZA

hyperglycemia
oxidative stress
Pre-osteoclast

AGEs

—~ RANKL .,

(o)

Apopt05|s

\ Sclerostin ll

Cortical porosit
Formation@ P Y ﬁ ‘L

Differentiation
Mineralization

AGE: advanced glycation end-product

Remodeling @

N VNI
AWV P AN

AGEs cross-links i i

O oxnpatiopog AGE svodwvetal amno tnv
urtepyAukatpio Kot to ofeldwtiko otpes. Ta AGEs
NPOKAAOUV ATOTTWON TWV 0CTEOBAACTWV KoLt
avaotéAAouv tnv dtapopornoinon o€ 0oTeoBAACTEC,
ME AMOTEAECHA LELWHEVO OXNUATIONO ooToU. T
AGESs npokaAoUvV anmontwon TwWV 0CTEOKUTTIAPWV,
av&avouv tnv €kppacn OKANPOOCTIVNG Kl LELWVOUV
tnv ékppaon RANKL ota ooteokuTTtapa. AUutd €Xouv
oav anotEAeopa HELwpEVN Stadopomnoinon teoo o€
00Te0BAAOTEG OO0 KOl OE OCTEOKAAOTEG, KAOWC Kot
OE LELWHEVO PUOUO 00TIKNG EVOAAQYAC Kot
avakataokeung. H emayopevn anod ta AGEs
KOTOLOTOAN TNG OCTLKNG OLVAKOTOLOKEUNG TPOKAAEL
OUOCOWPELON TWV Stactavpolpuevwy deopwv AGE-
KOAAQLYOVOU e amoTtéAeopa emideivwon tng
noLotTNTaG Tou ootou. H anontwon twv
OOTEOKUTTAPWYV TIOU enayetat orto ta AGEs pmopet
va EUOUVETOL EV HEPEL VLA TNV MWPOTLKATATA TOU
dAowov.

Kanazawa |, Intern Med 57: 2773-2785, 2018



Endocrine inflammation O otTeEOQVO GOAOV (a
Osteoporosis s — OTNV OOTEOTOPWON:
* unloading imbalance M oK p o ¢ dv o

S L Treatment ® o Pharmacological therapy, nanodelivery
Imbalanced macrophage polarization —— z : :
P systems and cell-based interventions

MO MO
macrophage macrophage 3TNV ooTEONOPWaN
Slatapdocostal n AettoupyLkn
Loopporia petafL ooteofAacTwV
¢ A N ¢ A S KOLL OOTEOKAQLOTWVY, TTOU
il i o N3 ekbnAwvetal pe avénUevn
A TNFO{ N A TNFa Wbt . OOTEOKAQOTLKN KOlL LELWHEVN
\\F” — T \ o b - ’ ’
IO 3 C KOS DR, At ooteofAactiki Asttoupyia. Zav
IL-1B 2 W C TGF-B IL-1B 3 (@ ” TGF-B i )
IL-6 = IL-10 11-6 TP IL-10 OTLOTEAEGLAL 1) OCTLKN
[L-12 IL-12 anoppodnon UNEPLOXVEL TNG
1L-23 IL-23 . .
MOPAYWYNG, HE OMOTEAECHQL
anwAeLa 0oTKAG palag kat BAABN
) _ NG APXLTEKTOVIKAG TOU 00TOU.
Bone loss Normal bone homeostasis

Liu C, Front. Immunol. 2026; 17:1738143



Octeoavocoloyia otnv ooteonopwon: OudetepoPiAa KoL 00TEOKAAOTEC

Neutrophil-mediated
. apiilate. mechanisms of
o2l fom b osteoclastogenesis.
@\ RANK Neutrophils promote
osteoclast activation through
®» RANKL @ multiple pathways,

® < TGE-B1, CXCLL, . . .
w: | S including direct membrane-

7 / A o o."‘O bound RANKL(mRANKL)-RANK
stromalcells  cells SR /. < T interaction, reactive oxygen
Gy N AT O — species(ROS) generation, NET-
4 @9 sap (0.9 induced signaling, and the
- ' secretion of osteoclastogenic
mediators such as TGF-1,
CXCL1, and catecholamines.

Osteoclast

Inflammatory cytokines »\ p &
(IL-1B, TNF-a,and IL-17) ™% b

Osteoporosis Activated neutrophils

Cheng H, Int J Inflam. 2025 Dec 8;2025:4867595



Ooteoavocoloyia otnv ooteonopwon: Oudetepodiha kot 00TEOBAACTEC

Osteoblast

N

Activated neutrophils

Usteoblast

E"HE‘:“J
1‘ i € Bone
101'1matio

resorption

Osteoporosis

Osteoclast

Neutrophil-derived mechanisms
inhibiting osteoblast function.
Activated neutrophils impair
osteoblast activity through
excessive ROS production, NET-
induced cytotoxicity, and secretion
of inhibitory cytokines such as TGF-

B1.

Cheng H, Int J Inflam. 2025 Dec 8;2025:4867595



OoteoavoooAoyia otV HETEUHUNVOTIOUCLAKI OCGTEOTIOPWON

Postmenopausal osteoporosis
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osteoclastogenesis high-bone turnover osteogenic differentiation

PMOP is a high-bone
turnover disease. Estrogen
deficiency leads to changes in
the number and function of
immune cells, which
ultimately affecting bone
remodeling and leads to
osteoporosis. These changes
included: the balance of
M1/M2 and Th17/Treg favors
pro-inflammatory M1 and
Th17 cells; the activation of
M2 macrophages and Treg
cells are impaired; Th17 cells
are overactivated and Treg
cells can convert into Th17
cells; DCs become long-lived;
neutrophils are activated;
The number of B cells and
plasma cells is increased.

Zhang W et all (2022) Immunoporosis: role of immune system in the pathophysiology of different types of osteoporosis. Front. Endocrinol. 13:965258.
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Evteplko pkpoBiwpa,

OOTEOOVOGOAOYLOL KOIL OOTEOTIOPWON)
B Osteoporosis and gut microbiota:

current understandings

OPENACCESS Modulation of osteoporosis (OP) pathogenesis by gut microbiota-derived

metabolites. The diagram illustrates the dual impact of microbial metabolites
on bone remodeling. Pathogenic factors such as TMAO and LPS activate
inflammatory pathways (NF-kB, TGF, TLR4), leading to inflammation and
subsequent bone resorption, thereby promoting OP development (red arrows).
Conversely, SCFAs, including acetate, butyrate, and propionate, exert dual

GM metabolites modulate OP pathogenesis

Q;% acetate beneficial effects on bone by inhibiting bone resorption while simultaneously
o promoting bone formation. GM-derived Larginine, 5-HT, and IGF-1 promote
Urolithin SCFAs o butyrate bone formation. In addition, urolithin inhibits bone resorption by suppressing
® NF-kB activation. Mechanisms include the upregulation of Calbindin-D9k and

W) propionate

pH reduction to enhance calcium absorption, providing energy forimmune
cells, and modulating intestinal immunity and osteoimmunology (green
arrows).

Activation of
TMAO NF-kB GM, gut microbiota; TMAO, Trimethylamine N-

Inflammation —— Bone absorption oxide; LPS, Lipopolysaccharides; NF-kB, nuclear

LPS . 'I-'rl_%F4 ~ factor kappa-B; TGF, transforming growth factor;
TLR4, Toll-like receptor 4; SCFAs, Short-Chain Fatty
IGF-1 (it Acids; 5-HT, serotonin; IGF-1, insulinlike growth
. =7 factor-1
) Calbindin-D9k L-arginine 5-HT
acetate @ , amindin OP pathogenesis
butyrate C‘L::)\ SCFAs ~ Lower the pH : agsag:'::?on Bone formation
. @ ' |
propionate & Producing energy

. Intestinal immunity and osteoimmunology
for immune cells

Liu Y, Front. Immunol. 2026;17:1761421



The Inflammatory Contribution of B-Lymphocytes and
Neutrophils in Progression to Osteoporosis

OB

L]
e ° OPG, CCL3, TNF-a

TGF-B1, OPG,

AN S IL-35

- @

\/ Anti-inflammatory
\/ Anabolic or Steady State

\/ Increased or Normal BMD

(b)

TNF-q, IL-6, IL-18
G-CSF

RANK K

x Pro-inflammatory

x Catabolic

x Decreased BMD

oc

OPG ’
x> T

* RANK-L

=y

The effects of B-lymphocytes on bone homeostasis.
B-lymphocytes (BC) and osteogenic precursors
develop together in the bone marrow niche. In (a),
osteoblasts (OB) can secrete RANKL, which binds
RANK on the surfaces of monocyte-like progenitor
cells (MpC) and stimulates differentiation and
fusion into multinucleated osteoclasts (OC). RANKL
also binds RANK on osteoclasts to promote survival
and proliferation. In healthy bone, pro-
osteoclastogenic RANKL is regulated by the
osteoprotegerin (OPG) decoy receptor, as well as
various soluble mediators secreted by OBs, BCs,
and B-regulatory lymphocytes (Bregs). Thus,
normal B-lymphocyte and osteogenic signaling
generates an anti-inflammatory environment that
maintains bone mineral density (BMD). In
osteoporotic tissue, seen in (b), proinflammatory
mediators drive osteoclastogenesis through
increased expression of RANK-L, shifting the
balance of bone metabolism toward catabolism
and ultimately bone loss

Frase D; Cells 2023, 12, 1744



Osteoporosis: interferon-gamma-mediated bone remodeling in

Role of IFN-g in OBs and OCs. @ IFN-g is
produced by a variety of immune cells. @
IFNg directly inhibits OC differentiation by
blocking the RANKL signaling pathway @
IFN-g enhances FasL xpression in OBs,
promotes apoptosis of OC precursors, and
ultimately inhibits OC maturation and
differentiation. (4) The regulation of NFATc1
downstream of the RANK-RANKL pathway by
IFN-g is highly dependent on the period of OC
differentiation. @ IFN-g mediates DC-STAMP
to promote OC maturation. @ IFN-g
upregulates the osteogenic transcription
factor Runx2 and downregulates the lipogenic

osteoimmunology
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transcription factor PPARg.

Li S, Front. Immunol. 2024;15:1396122



OoteoavoooAoyio oTnV ooTEOTOPWON TNC GAEYUOVIC

Inflammatory pathology
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RANK-RANKL signalling in cancer

Nathalie Renema*2, Benjamin Navet*!, Marie-Francoise Heymann*+t#, Frédéric Lezot*2 and RAN K- RAN K L Gtrl

Dominique Heymann* %2

1 4 [ 4
*INSERM, UMR 957, Equipe Labellisée Ligue 2012, Physiopathologie de la Résorption Osseuse et Thérapie des Tumeurs Osseuses v K v
Primitives, Université de Nantes, 1 Rue Gaston Veil, 44035 Nantes, France

FNantes University Hospital, Nantes 44035, France
FDepartment of Oncology and Human Metabolism, The University of Sheffield, Sheffield S10 2RX, U.K.
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RANKL and immune system

Nathalie Renema, Bioscience Reports (2016) 36, e00366



OoteoavoGoAoyio 6TNV MWPWOoN KOTOYHATWY

Th17

RORyT

IL-6 o IL-17F
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Upstream IL-6 increase early post fracture promotes naive CD4+ T-cells to Th17 cells stimulating pre-osteoblast cell
differentiation via IL-17F. Concomitantly, the Treg pathway is suppressed, decreasing TGFb and IL-10 and inhibiting
pre-osteoblast differentiation. The effect of IL-6 also has a direct role in the later stages of osteoblast differentiation in

fracture healing.
Nam D, PLoS One 2012;7(6):e40044
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ekppalouv PpAeypovwdeLg

Kutokivec kot RANKL
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OoteoavoooAoyia 6TNV EMAYOUEVN Ao PAPHUAKA OCTEOVEKPWON TNC yvabou
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Lombard T, Stem Cells Int. 2016;2016:8768162
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Schematic detailing

osteoblast—osteoclast
coupling and bone

M.CSF, RANKL, WNTSA WNT16 resorption—angiogenesis

coupling in the basic

multicellular unit of

bone

remodeling.

Matrix-embedded
angiogenic factors:

VEGF, PDGF, FGF
Clastokines:
S
@)

Osteoid

Bone

Matrix-embedded growth factors:
Cutting Cone TFG-B, IGF-1, PDGF, VEGF, FGF Closing cone

Lee K, Oral Dis. 2025;31(4):1073-1083
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Increases
Osteoclast
differentiation

v

Induction of apoptosis of
osteoblasts by S. aureus

Ol ThFa l |

Promotes bone resorption

Ooteoavoooloyio TNV 0CTEOMUEALTIO: S. aureus

Pro-inflammatory cytokines lead to severe
bone damage in osteomyelitis. During S.
aureus infection, bacteria reach to bone
through the blood. (A) S. aureus infects
osteoblasts and produce SpA and it binds
to TNF-a receptor 1 on osteoblasts, which
in turn leads to upregulation of RANKL
expression. (B) SpA induced apoptosis of
osteoblasts releases S. aureus in the
microenvironment, leading to infection of
neighboring healthy cells, and this cycle
repeats. (C) During infection macrophages
release TNF-a to clear pathogen. (D)
Chemotactic factors produced by tissue
macrophages drives the recruitment of
polymorphonuclear cells (PMNs). TNF-a
and other proinflammatory cytokines
released by macrophages and PMNs
enhances osteoclast differentiation and
promotes bone resorption.

Adrita Guha, ImmunoTargets and Therapy 2026:15 604392
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MepumpooBeTIKA
ooteOAuon

H xpovia nepupocBdetikn PpAcypovi
iPpoKaAeitot amno ta Blonpoiovia tng
npPoocOeong LEcw MOAWONG TWV
pHakpodaywv oto nepBAAAOV TNG EVTOC
ToU BUAGKOU OAKNG aLPOPOTTAAOTLKAG.
AUTO SLaTAPACOEL TRV OHOLOOTOCLO TWV
HOVASWV OCTLKNG OLVAKOTOLOKEUNG UTTEP
TWV 00TEOKAQOTWV YUPwW amno to £vOeto.
HIF, hypoxia-inducible factor 1a; IFN,
interferon; IL, interleukin; iNOS, inducible
nitric oxide synthase; miRNAs,
microribonucleic acid (ekdppalel
npodpAeypovwdn 060 Kat
aviipAsypovwdn paon)

Goodman SB, Curr Osteoporos Rep. 2022;20(1):43-52
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Metdopuivn Kol 0GTIKOC METABOALGUOC

osteoclastogenesis@

/\ RANKL/OPG
adipocyte /\
o

pre-osteoclast

differentiation

metformin 1 adipogenesis @T / metformin N Osteoblast mineralization
\ Q) 5=
— stromal cell @ o\ -
osteoclast '

osteoblastogenesis

osteoclast activity
osteocyte

apoptosis@

H petdoppivn enayet tnv Stadoponoinon Twv GTPWHOTLKWY KUTTAPWYV GTNV 00TEOBANOTIKA OELPA KAl AVAOTEAAEL TV
Autoyéveon. H petdoppivn evodwvel tnv dtadopomnoinon Kat tnv Spdon otn HeTaAwon Twv ooteofAactwv. H petdoppivn
TPOOTATEVEL A0 TNV ONMOTITWON TWV 0OOTEOKUTIAPWV. H petdoppivn KATOOTEAAEL TNV OOTEOKAAOGTOYEVEOH EAQTTWVOVTAG THV
ékdpaon tov RANKL kot avéavovrag tnv Ekppacn tng OPG otouc ooteoBAdctec. H petdoppivn eniong avactéAAEL Apeca tThv

OGTEOKAGGUKI‘] Gpaotnpwtnta. Kanazawa |, Intern Med 57: 2773-2785, 2018




JUUITEPACLOTOL
* H ooteoavocoloyia, To YVWOTLKO Medio NG omoiag eivat n aAAnAsnidpaocn tou
OLVOOOAOYLKOU Kol OKEAETIKOU ouotipatog aipopd o€ TTOAU HEYAAO MEPOC TNC TA
PEVMATLKA Voo Lot
" Hyvwon tTwv BactkwVv LOPLOKWV KOl KUTTAPLKWY UNXOVIOHWV TTOU

neplypadovtal oTnv 0oTEOOVOCOAoyia Eival armapaitntn yla tnv Kotovonon tng

TaOoYEVELOC OAWV TWV PEVUOTIKWV VOO LATWV

= Osteoimmunology, Osteorheumatology or Rheumatology Alone?
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